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GENERAL INTRODUCTION 
GENERAL INTRODUCTION 
As per united nation's statistics, over 800 million people in the world are 
chronically malnourished. Of these, one fouith are children under the age of 
five, who suffer from acute or chronic protein energy malnutiition (PEM). In 
the past three decades, the food production has increased at a greater rate than 
the population but this fact holds tine only for the developed nations. The irony 
in the developing world remains that only one out of five people can get 
enough food to meet their daily needs. To ensure food security for eveiyone, it 
is essential to affect changes in the mindset of the people about the food 
system. Fisheries play an important role in food security of the populations, 
especially those living in coastal and rural areas and also generate employment 
and income to millions of people. To ensure nutritional security, increased 
availability of diverse types of foods of animal origin such as milk, meat and 
fish, besides cereals, are essential. 
Oceans that cover some 70% of the surface of globe have Uving 
resources of designing a new world order for food and energy. Aquatic food 
can in some ways be medical food of 21^ *^  centuary and may contribute to meet 
the requirements of basic nutrition which plays a vital role m fulfilling the 
vitamin and mineral deficiencies thus alleviating diet related diseases. This vast 
expense of water which is seen as a limitless source of animal protein for 
mankind holds 90% of world's living biomass containing 80%) of the world's 
protein. 
Fish ranks first among fanned animal contributing a significant amount 
of animal protein to the diets of people worldwide. It is estimated that between 
15-20% of all animal proteins come from aquatic animals, especially fish. Fish 
is highly nutritious and serves as a valuable supplement in such diets which 
may lack essential vitamins and minerals. They are better converter of feed 
into flesh. Fish proteins are rich in all the essential amino acids in contrast to 
most proteins from plant sources, which lack adequate amounts of one or more 
essential amino acids. As compared to red meat, fish proteins which are highly 
digestible, are considered superior to any other land animal proteins. This 
enhanced digestibility of fish is mainly because of the fact that most of its 
muscles are devoid of stiong collagenous fibres and tendons which are 
commonly found in any other land animals. Fish as food is less costly, is an 
efficient protein, as well as good source of polyunsaturated fatty acid (PUFA). 
Fish also contain micronutiients such as iodine, selenium and fat-soluble 
vitamins that have positive effects on human health. In many developing 
countries of the world, small fish are eaten whole and thus contribute calcium, 
phosphorus and iron to the human diet. Importance of fish as a source of high 
quality, balanced and easily digestible protein as well as several other nutrients 
is well understood. Fish provides most of the essential amino acids and 
proteins. It is not only the 'brain-food' but is excellent for growth and 
development of human body and prevents several nutritional deficiencies. 
Good and adequate nutrition plays a pivotal role in the expression of 
mental, physical and intellectual qualities in humans. To ensure access to the 
nutritionally adequate food for the improvement in the quality of diet of a poor 
person in the society, fish is the only medium which can serve the very 
purpose. Fish is not only a vital food, it is also a source of work and money for 
millions of people around the globe. It has been estimated that over one million 
people rely on fish as their primary source of proteins and some 120 million 
people are employed in fishery related job worldwide. It is estimated that world 
supply of fish was 117m tonnes in 1998 and 75% of it was obtained fiom 
marine capture fisheries, 6.5% from inland capture fisheries and remaining 
18.5% from aquaculture. Aquaculture has much to offer, both nutritionally and 
economically, for optimizing resource for increased fish production. 
Nutritional problems are not peculiar to our country where food is scarce. 
Protein calorie malnutrition is in fact a serious disease affecting nearly half of 
the world population. 
In the face of nutritional inadequacies resulting from ever increasing 
population of the developing countries, aquaculture holds a promise to provide 
a proteinaceous supplement to human diet. Aquaculture is the fastest grovsdng 
sector both nationally and globally, contributing to the food and nutritional 
security, export earnings, income and employment generation. Over the last 
decades, spectacular- growth has taken place in aquaculture. The world 
aquaculture production has been increasing at the rate of 15% a year since mid 
eighties. On the whole, production is dominated by Asia which contributes 
86% of the world's aquaculture commodities. China which is traditionally a 
carp-growing nation leads the world in aquaculture production. World 
aquaculture production of fish and shellfish is 38.07 m tormes. China alone 
produces 20.8 m tonnes offish and shellfish. The current trend in fish culture is 
towards increased intensification whereby provision of feeds becomes 
necessary and success depends significantly on the availability of nutritionally 
well-balanced and cost-effective diets. 
In terms of accumulated information and level of sophistication, 
knowledge of fish nutrition is still in its juvenile stage. Formulation of cost-
effective diets requires accurate information on proximate composition 
including amino acid profile and digestibility of economical ingredients as well 
as accurate information on nutritional requirements. With the focus being 
shifted to semi-intensive fish farming, the importance of formulated fish feed 
has immensely increased. 
Amino acids are among the most unportant supplements required by 
fish, as in other animals. It has been well established that all teleost fish require 
all the ten essential amino acids. Dietary supplementation of amino acids 
beyond that necessary to maintain nitrogen balance does not provide additional 
benefit to the fish. Amino acids are the building blocks of protein in the body 
and are also essential for the synthesis of structural proteins, enzymes, some 
hormones and neurotransmitters. Twenty amino acids are needed to build the 
various proteins used in growth, repair and maintenance of the body tissues. 
Ten of these can be synthesized by the fish body itself while the other ten 
called essential amino acids must come from the diet. The classification of an 
amino acid as essential and non-essential does not reflects its importance, 
because all twenty amino acids are necessary for proper growth and sound 
health. Therefore, understanding of dietary essential amino acid requirement is 
essential to formulate amino acid balanced diet for their faster growth. 
Development of first successful amino acid test diet for chinook sahnon 
by Halver (1957) enabled number of workers to study the essentiality of 
various amino acids in other fish species (Halver and Shanks, 1960; Shanks et 
al, 1962; Dupree and Halver, 1970; Arai et al., 1972; Nose et al., 1974; and 
Mazid et al, 1978). Later studies on quantitative amino acid requirements were 
based on the test diets in which the nitrogen component consisted either of all 
crystalline amino acids or a mixture of amino acids with selected whole protein 
source, coirmionly casein and gelatin (DeLong et al., 1962; Chance et al., 1964; 
and Halver, 1965). The amino acid profile of the total protein component of the 
diet being controlled so as to simulate the amino acid pattern of the specific 
reference protein. To assure the maximum utilization of the amino acids, such 
diets contained protein at or slightly below the optimum requirement. 
Measurements of essential amino acid requirement has largly been based on 
dose-response curve obtained by feeding graded levels of individual amino 
acids under test. On the basis of observed growth response plotted over this 
curve, dietary requirement is usually taken at the 'break-point'. 
Although quantitative essential amino acid requirements have been 
worked out for many fish species (Halver et al, 1958; 1959; Chance et at., 
1964; Delong et al , 1962; Halver, 1965; Mertz, 1969; Dupree and 
Halver, 1970; Klein and Halver, 1970; Nose, 1970; Luquet and Sabaut, 1974; 
Harding et al,1977; Wilson et al, 1977; Kaushik, 1979; Robinson et al, 
1980''''; Wilson et al,1980; Dabrowski, 1981; Robinson et al, 1981; Jackson 
and Capper, 1982; Ketola, 1982; Walton et al, 1982; Ketola, 1983; Kim et 
al,1983; Jauncey et al., 1983; Rumsey et al., 1983; Kim, et al., 1984; Murai et 
al., 1984; Walton, 1985; Akiyama et al., 1985; Cho and Woodward, 1985; 
Murai et al, 1986;Walton et at, 1986; Kim, et al , 1987; Murai et al., 1987; 
Chill, et al., 1988; Schwarz and Kirchgessner, 1988; Murai et al., 1989; Viola 
and Arieli, 1989; Choo et al., 1991; Moon and Gatlin, 1991; Mohanty and 
Kaushik, 1991; Borlongan, 1992; Cowey et al., 1992; Cho et al., 1992; Craig 
and Gatlin, 1992; Griffin et al., 1992; Keembiyehetty and Gatlin, 1992; Kim, 
et al.,1992; Viola et al., 1992; Keembiyehetty and Gatlin, 1993; Khan and 
Jafri, 1993; Kim, 1993; Wu, 1993; Cowey, 1994; Griffin et al, 1994; Mambrini 
and Kaushik, 1994; Lall et al., 1994; Lopez-Alvardo and Kanazawa, 1994; 
Tibaldi et al., 1994; Boren and Gatlin, 1995; Mambrini and Kaushik, 1995; 
Murthy and Varghese, 1995; Cai and Hurtle, 1996; Murthy and Varghese, 
1996"-^ Berge et al , 1997; Keembiyehetty and Gatlin, 1997; Kim, 1997; 
Murthy and Varghese, 1997^''; Rodehutscord et al, 1997; Ruchimat et al, 1997; 
Twibell and Brown, 1997; Akiyama et al, 1998; Fagbenro et al.,1998''''; 
Forster and Ogata, 1998; Kaushik, 1998; Li and Robinson, 1998; Luzzana et 
al, 1998; Masumoto et al , 1998; Murthy and Varghese, 1998; Schwarz et al, 
1998; Berge, 1999; Coloso et al , 1999; Fagbenro andNwanna, 1999; Fagbenro 
et al, 1999; Ngamsnae et al , 1999; Simmons et al , 1999; Small and Scares, 
1999; Tibaldi and TuUi, 1999; Barziza et al, 2000; Buentello and Gatlm, 
2000; Kasper et al , 2000; Rodehutscord, 2000; Rodehutsord et al, 2000; 
Small and Soares, 2000; Twibell et al, 2000; Yamamoto et al, 2000''^ Alam 
et al , 2001; Gurrea et al, 2001; and Alam et al , 2002, the complete ten 
essential amino acid requirements have been established only for a limited 
number of cultured fish species including chinook salmon, Oncorhynchus 
tshawystscha (Halver et al, 1957; NRC, 1993), sockeye sahnon, 
Oncorhynchus nerka (Halver and Shanks, 1960), coho salmon, Oncorhynchus 
kisutch (Arai and Ogata, 1993), common carp, Cyprinus carpio (Nose, 1979), 
Japanese eel, Anguilla japonica (Arai et al, 1972; NRC, 1993), rainbow trout, 
Oncorhynchus mykiss (Ogino, 1980), channel catfish, Ictalurus punctatus 
(Wilson et al, 1978; NRC, 1993), Nile tilapia, Oreochromis niloticus (Santiago 
and Lovell, 1988), Indian major caip, catla, Catla catla (Ravi and Devaraj, 
1991), chum salmon, Oncorhynchus keta (Akiyama and Arai, 1993), milldash, 
Chanos chanos (Borlongan and Coloso, 1993), white sturgeon, Acipenser 
transmontanus (Ng and Hung, 1995), striped bass, Morone saxatilis (Small and 
Soares, 1998). There is however, very little information available on the amino 
acid requirement of commercially important Indian major carp, Labeo rohita. 
The present study was, therefore, undertaken with a view to generate 
data on the dietary essential amino acid requirement of L. rohita and the 
findings are presented in the form of this dissertation. The study provides 
information on tlie phenylalanine and valine requirement which could be used 
for developing amino acid balanced diets for culture of this species on 
commercial level. 
GENERAL METHODOLOGY 
GENERAL METHODOLOGY 
Source offish stock and acclimatization 
Fry of Indian major carp, Labeo rohita were obtained from a local fish hatchery 
of the Uttar Pradesh State Fisheries Department and brought to the laboratory 
in oxygenated polythene bags. Fish were given a bath in KMn04 (1:3000) and 
stocked in an indoor circular aluminium plastic lining (Plasticrafts corpn, 
Mumbai, India, 4ft x 3ft x 3ft) fish tanks (water volume 600 L) for a fortnight. 
Prior to stocking, the tanks were washed properly with a supersaturated 
solution of KMn04 to disinfect the tanks and dried in sun. During this period, 
the fish were fed to satiation a mixture of soybean, mustard oil cake, rice bran 
and wheat bran in the form of moist cake twice a day at 0700 and 1730 h. 
These were then acclimated for two weeks on casein-gelatin based (40% CP) 
H-440 diet (Halver, 2002). 
Preparation of experimental diets 
For the estimation of dietary amino acid requirement of fish under study, 
casein-gelatin based amino acid test diets with different levels of amino acid 
under question were formulated. All the amino acid test diets were neutralized 
according to Nose et al. (1974). Calculated quantities of L-crystalline amino 
acids and salt mixtures were stirred mechanically for about 30 min in a volume 
of hot water (80 °C) in a stainless steel bowl attached to Hobart electric mixer. 
Gelatin was dissolved separately in a known volume of water and added to the 
above mixture. Other dry ingredients and oil premix, except carboxymethyl 
cellulose were added to the lukewarm bowl one by one with constant mixing at 
40 °C temperature. Carboxymethylcellulose was added in the last and blended 
thoroughly. The final diet with bread dough consistency was poured into a 
teflon coated pan and placed into refrigerator at -20 C until used. 
Experimental design and feeding trial 
Desired size and number of fish were sorted out from the acclimatized lots 
maintained in the wet laboratoiy. These were randomly stocked in triplicate 
groups in 70 L high density polyvinyl circular troughs (water volume 55 L) 
fitted with a continuous water flow-through system. The water exchange rate in 
each trough was maintained at 1.0-1.50 L/min. The Feeding regime and ration 
size were carefully worked out through preliminary feed trial. As per the result 
obtained in the preliminary feeding trial, fish were fed experimental diets six 
day a week in the form of moist cake at the rate of 5% of the body weight twice 
a day at 0700 and 1730 h. The feeding trial lasted for six weeks. Initial and 
weekly fish weights were recorded on the top loading balance (Precisa 120 A). 
Troughs were siphoned with a pipe to remove fecal matter and imconsumed 
feed material. No feed was offered to fish on the day the weekly measurements 
were taken and the troughs were scrubbed thoroughly and rinsed with KMn04 
solution. A record of dissolved oxygen and water temperature, based on daily 
measurements, was separately maintained. At the end of the feeding trial, 
desired number of fish were randomly sacrificed and kept in freezer (-20 °C) 
for the assessment of carcass body composition. 
Proximate analysis 
Proximate composition of ingredients, experimental diets and body carcass was 
made using standard techniques (AOAC, 1995). All chemical analysis was 
based on triplicate samples. 
Moisture 
A weighed quantity of finely ground, homogenized sample was taken in a pre-
weighed silica crucible and placed in an oven (105 °C) for 24 h. The crucible 
containing the dried sample was directly transferred to a desiccator, allowed to 
cool and re-weighed. The entire process was done in triphcates. The loss in 
weight was expressed as percentage of moisture. 
Ash 
A known quantity of finely powdered sample was taken in a pre-weighed silica 
crucible and incinerated in a muffle furnace (650 °C) for 2-4 h or till the sample 
become carbon fi-ee. The crucible containing the incinerated sample was 
transferred to a desiccator, allowed to cool and re-weighed. The loss in weight 
was expressed as percentage of ash. 
Fat 
A continuous soxhlet extraction technique, using petroleimi ether (40-60 °C 
B.P) as solvent, was employed. Weighed quantity (2-4 g) of finely ground 
sample was taken in a Whatman fat extraction thimble, plugged with cotton 
and introduced into the soxhlet. A clean, dry soxhlet receiver flask was 
weighed and fitted to the soxhlet assembly for extraction. The extraction was 
continued for 10-12 h. After extraction, the flask was removed and kept in hot 
air oven (100 C) to evaporate the traces of solvent. It was then transferred to a 
desiccator, cooled and reweighed. From the increase in the weight of the flask, 
the quantity of fat extracted was calculated and expressed in percentage. 
Crude protein 
The technique employed for estimating the crude protein was based on a slight 
modification of Wong's micro-kjeldahl method as adopted by Jafri et al. 
(1965). The piinciple involved is digesting the sample with nitrogen free 
sulphuric acid in presence of potassium per sulphate, used as a catalyst, which 
converts the nitiogenous compounds to ammonium sulphate. This was then 
Nesselerized and the colour developed, due to the formation of a complex 
compound (NH2I), was measured spectrophotometrically. The optical density 
obtained was read off against a standard curve of ammonium sulphate for 
nitrogen estimation. To calculate the total crude protein in the sample, the 
amoimt of nitrogen was multiplied with the conventional proteins factor (6.25). 
A known amount (0.1-0.5g) of dry, powdered sample was taken in a Kjeldahl 
flask containing 5 ml of sulphuric acid (1:1), heated till black fumes 
disappeared. After cooling, 0.5 ml saturated potassium per sulphate was added 
to the digesting mixture, and the heating continued till the solution became 
water clear. After cooling, the digested mixture was transferred to a 50 ml 
volumetiic flask and raised to mark with double distilled water. 0.5 ml. of the 
aliquote was taken in a test tube and 0.1ml, each of sulphuric acid (1:1) and 
saturated potassium per sulphate solution added to it. The volume was raised to 
3 ml with distilled water. The solution was then nesselerized using 7ml of Bock 
and Benedict's Nesseler reagent (Oser, 1971), The solution was kept at room 
temperature for 10 minutes for complete colour development. A blank was 
prepared side by side substituting the aliquot with distilled water. The 
absorbance was measured after setting the instrument with a blank at 480 nm. 
A microprocessor controlled split beam spectronic 1001 spectrophotometer 
(Milton Roy Company, USA) was used. The intensity of colour developed was 
proportional to the amount of ammoniimi sulphate contained in the solution. 
The value of optical density obtamed for various samples were read off against 
a standaid calibration curve (Fig.l) prepared by taking readings of a series of 
different dilution containing different grades of known amount of nitrogen 
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which was multipUed with protein factor to obtain the crude protein content in 
the sample. The values were recorded as percentage on dry weight basis. 
Estimation of gross energy 
Gross energy was determined by direct calorimetry. A known quantity of finely 
ground, dried sample was taken into a metallic crucible and compressed to a 
pellet. Combustion was carried out on baUistic bomb caloiimeter (Gallenkamp 
Loughbrough U.K.). Before carrying out the energy estimation, the calorimeter 
was calibrated by establishing the relationship between the galvanometer 
deflection and the amount of heat released on combustion of a measured 
quantity of thermochemical grade benzoic acid (6.32 kcal g"^ ) as a standard. 
The gross energy was expressed as kcal g. Energy of ingredients used in the 
test diet were calculated as 4.83, 5.52, 5.80, 3.83 and 9.00 kcal/g for gelatin, 
casein, amino acid, dextrin and fat, respectively, as estimated on Gallenkamp 
ballastic bomb calorimeter. 
Assessment of growth and conversion efficiencies 
Calculation of various growth parameters, conversion efficiencies, nutrient 
retentiom and biological indices were made according to the following standard 
definitions (Wee and Tacon, 1982; Tabachek, 1986; Hardy, 1989 and 
Gunasekara et al., 2000). 
W2-W1 
Increase in live weight (%) = x 100 
W, 
Feed intake (g) 
Food conversion ratio = 
Wet weight gain 
11 
Loge W2- Loge Wl 
Specific growth rate (%) = x 100 
D 
Where, 
Wi= Initial weight of the biomass (g) 
W2= Final weight of the biomass (g) 
D ^ Duration ofthe feeding trial (days) 
Protein efficiency ratio = 
Protein deposition 
Wet weight gain (g) 
Protein intake (g) 
(BWfxBCf)-(BWixBCi) 
TFxCP 
Where, B W; and B Wf = mean initial and final body weight (g) 
BCPi and BCPf = mean initial and final percentage of carcass protein 
TF= Total amount of diet consumed 
CP= Percentage of crude protein ofthe diet 
Statistical analysis 
All the growth data were subjected to one way analysis of variance (Snedecor 
and Cochran, 1967; Sokal and Rohlf, 1981). Differences among treatment 
means were deteimined by Duncan's Multiple Range Test (Duncan, 1955) at 
P<0.05 level of significance. Second-degree polynomial regression analysis 
(Zeitoun et al., 1976) was used to find out the break-point in the growth 
parameters. The break-point obtamed represented the optimum requirement of 
the fish for the amino acid under study. Simple regression (Y= a+bx) and 
correlation coefficient (r) was also employed. 
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Table 1. Composition of mineral mixture* 
Minerals g/lOOg 
Calcium biphosphate 13.57 
Calcium lactate 32.69 
Fenic citrate 02.97 
Magnesium sulphate 13.20 
Potassium phosphate (Dibasic) 23.98 
Sodium biphosphate 08.72 
Sodium chloride 04.35 
Aluminium chloride. 6H2O 0.015 
Potassium iodide 0.015 
Cuprous chloride 0.010 
Manganous sulphate H2O 0.080 
Cobalt chloride 6H2O 0.100 
Zinc sulphate 7H2O 0.300 
*Halver, 2002 
Table 2. Composition of vitamin mixture* 
Vitamins g/lOOg 
Alpha cellulose 8.000 
Choline chloride 0.500 
Inositol 0.200 
Ascorbic acid 0.100 
Niacin 0.075 
Calcium pantothenate 0.050 
Riboflavin 0.020 
Menadione 0.004 
Pyridoxine HCI 0.005 
Thiamin HCI 0.005 
Folic acid 0.0015 
Biotin 0.0005 
a-Tocopherol acetate** 0.040 
Vitamin Bi2*** 0.00001 (0.5 ml) 
*Halver, 2002. 
**Incorporated with oil. 
***(10mg/500mlH2O). 
Table 3. Composition of the amino acid mixture'' 
Amino acids 
(L-series) 
Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine monohydrochloride 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Tryptophan 
Valine 
Alanine 
Aspartic acid 
Glutamic acid 
Proline 
Serine 
Glycine 
Total 
Amino acids 
(g/lOOg) 
8.299 
2.371 
7.588 
8.726 
9.829 
3.913 
2.276 
5.976 
4.268 
4.102 
1.422 
6.924 
5.454 
3.272 
6.711 
7.968 
1.636 
12.259 
100.000 
Protein supplied by amino 
acids (g/100 g) 
16.680 
4.013 
5.064 
5.823 
6.546 
2.295 
1.658 
3.167 
2.062 
3.015 
1.219 
5.174 
5.359 
2.152 
3.993 
6.058 
1.363 
14.295 
89.936 
* Calculation based on Chance et al, 1964. 
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CHAPTER 1 
CHAPTER 1 
DIETARY PHENYLALANINE REQUIREMENT OF FRY INDIAN 
MAJOR CARP, LABEO ROHITA (HAMILTON) 
INTRODUCTION 
Fish, like any other animal, require nutrients to stay alive, healthy, active and 
grow. The types of nutrients required by fish are the same as those requiied by 
other animals. An intensively cultured fish usually require high protein feeds 
and since feeds are normally the largest variable cost item in commercial 
production, the profitability of intensive aquaculture is closely related to the 
cost of feed protein and the quality of tlie protein used in making fish feed. 
Good nutrition is essential to produce an economical, healthy and high quaUty 
product. In fish culture, nutrition is critical because feed represents 40-50% of 
the production costs. Fish nutrition has advanced dramatically in recent years 
with the development of balanced commercial diets that promote optimal fish 
growth and health. Protein is the main constituent of the fish body, thus 
sufficient dietary supply is needed for rapid growth. Protein quality is 
influenced primarily by amino acid composition. There are ten amino acids 
termed as essential which can not be synthesized by fish and are needed in the 
diet. A diet deficient in one or more essential amino acids will serve as a poor 
protein diet. A proper balance of both essential and non-essential amino acids 
in the diet is, therefore, necessary for optimum growth and sound health. 
India is a carp growing country because a number of carp species having 
a good growth and market demand are available in India. The main candidate 
species are labeo rohita, Catla catla and Cirrhinus mrigala. In fresh water 
sector, these species contiibute to aquaculture production substantially. Over 
last few decades, caip culture has developed from tiaditional extensive systems 
to semi-intensive and intensive levels by increasing fish stocking density to 
maximize utilization of water resources. This is directly related to advances in 
the concept of nutrition and feeding practices. Adequate nutrition is a 
prerequisite for improvement in the production quality of the product as well as 
in reproductive perfonnance. Although the infoimation on nutritional studies 
of these fishes remained confined to their protein requirements (Sen et al, 
1978; Renukaradhya and Varghese, 1986; Singh et al., 1987; Singh and 
Bhanot, 1988; Shetty and Nandeesha, 1988; Swamy et al , 1988,1989; Mohanty 
et al., 1990; Das and Ray, 1991; DeSilva and Gunasekera, 1991; Khan and 
Jafiri, 1991; and Jena et al., 1996), little information is available on its dietary 
amino acid requirement. 
Among these carps, Labeo rohita, commonly known as rohu, is the 
prime cultivable carp species used in India mainly as component of polyculture 
system with other indigenous and exotic carp species. A robust and high 
quality fish Labeo rohita grows to over 1 kg in a year under culture conditions 
(Jhingran and Pullin, 1988). It contributes to the major portion of the fresh 
water fishes available in local fish markets and is of considerable economic 
importance. 
Quantitative dietary requirements for ten amino acids have been 
investigated for several aquaculture species and reviewed under General 
Introduction section (page 5-6). 
To successfiilly develop and manage the production of this species, it is 
important to understand its dietary amino acid requirements in order to feed 
amino acid balanced diet. Phenylalanine is one of the essential amino acids 
needed for optimum protein balance in the fish body. The phenylalanine 
requirements have been worked out for chinook salmon, Oncorhynchus kisutch 
(Chance et al., 1964; NRC, 1983), channel catfish Ictalurus punctatus 
(Robmson et al., 1980^'') and rainbow trout, Oncorhynchus mykiss (Kim, 1993; 
Ngamsanae et al., 1999). 
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Although protein requirements of L. rohita have been worked out in the 
past (Renukaradhya and Varghese, 1986; Mohanty et al , 1990; Swamy and 
Mohanty, 1990; De Silva and Gunasekara, 1991 and Khan, 1991), excepting 
the work of Murthy and Vaighese (1996), no information is available on 
dietary phenylalanine requirement of fry Labeo rohita. The present study was, 
therefore, undertaken to determine the optimum phenylalanine requirement of 
fiy Labeo rohita. 
MATERIALS AND METHODS 
Preparation of amino acid test diet 
Six isonitrogenous (40% CP) and isocaloric (4.28 kcal g'' GE) amino acid test 
diets containing graded levels of phenylalanine were formulated using casein, 
gelatin and L-crystalline amino acid premix (Table 1). The dietary range 
necessary to quantify the phenylalanine requirement was adjusted on the basis 
of information available on other Indian major carp, catla, Catla catla (Ravi 
and Devaraj, 1991). L-crystalline amino acid mixtures were prepared taking 
into account the amount of amino acids contributed by casein and gelatin. The 
dietary protein level was fixed at 40%, reported optimum for the growth of L. 
rohita (JChan, 1991) and the overall composition of L-crystalline amino acids in 
the test diets simulated the amino acid profile to that of 40% whole chicken egg 
protein, excluding the amino acid phenylalanine. Diets were made isocaloric 
and isonitrogenous by adjusting the dextrm and non-essential amino acid 
glycine. In diets used for determining phenylalalnine requirement, the levels of 
phenylalanine were m increment of 0.25g /lOOg of the dry diet and tyrosine 
was fixed to 1.00% m view of its sparing effect. 
Method of preparation of experimental diets has been discussed under 
General Methodology section (Page 7-8). Proximate composition of the diets 
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and carcass was estimated according to standard methods as described earlier 
(Page 8-11). 
Feeding trail 
Source of fish, theii" acclimation and details of general experimental design 
have already been described under general methodology section (Page 7-8) 
Labeo rohita (2.5-3.0 cm; 0.40± 0.02g) were then stocked randomly in 
triplicate groups in 70 L circular polyvinyl troughs (water volume 55 L) fitted 
with a continuous water flow-through (1-1.5 L /min) system at the rate of 15 
fish per trough for each dietary treatment level. The fish were fed test diets in 
the form of moist cake at a rate of 5% of their body weight (divided in two 
equal halves) per day at 0700 and 1730 h. No feed was offered to the fish on 
the day the measurements were taken. Initial and weekly weights were 
recorded on a top loading balance (Precisa. 120A) and feed allowances 
adjusted accordingly. The feeding trial lasted for six weeks. Fecal matter and 
unconsimied feed, if any, were siphoned before feeding. The average water 
temperature, dissolved oxygen, free carbon dioxide, pH, total alkalinity over 
the six weeks feeding trial, based on the daily measurements, were 24-27 °C, 
6.8-7.5 ppm. 6-llmg/L, 7.2-8.0, 60-80 mg/L, respectively. 
Growth parameters and feed utilization efficiencies were measured using 
standard definitions (Page 11-12). 
Statistical analysis 
All the growth data were subjected to analysis of variance (Snedecor and 
Cochran, 1968; Sokal and Rohlf, 1981). Differences among treatment means 
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were determined by Duncan's Multiple Range Test at p<0.05 level of 
significance (Duncan, 1955). The break-point for optimum dietary requirement 
for phenylalanine was estimated using quadratic regression analysis, as 
described by Zeitoun et al. (1976). 
Chemical analysis 
Proximate composition of casein, gelatin, and experimental diets, initial and 
final carcass was estimated using standard AOAC (1995) methods for diy 
matter (oven drying at 105± TC for 22 h.), crude protein (N-Kjeldhal 6.25), 
crude fat (solvent extraction with petroleum ether B.P 40-60 °C for 2-4 h.). 
Gross energy content was determined on a Gallenkamp ballistic bomb 
colorimeter (Loughbrough U.K). Amino acid analysis of casein and gelatin was 
made with the help of Beckman System Gold HPLC unit. 
RESULTS 
Growth performance of fry Labeo rohita fed diets containing graded levels of 
phenylalanine with 1% tyrosine fixed are shown in Table 2. Maximum weight 
gain (98%), specific growth rate (1.63%), protein efficiency ratio (0.97), and 
best feed conversion ratio (2.53) were observed in fish fed diet containing 
1.15% of phenylalanine. However, on subjecting the giowth data to quadratic 
regression analysis (Zeitoun et al., 1976), a break-point was evident at 1.38% 
of the dry diet, conesponding to 3.45% of the dietary protein (Fig. 1). Poor 
growth and efficiency of feed utilization were evident below and beyond this 
level of the phenylalanine. No mortality was observed during the entire length 
of the feeding trial. 
The feed conversion ratio (FCR) in L. rohita fiy fed 1.15% 
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phenylalanine diet differed significantly (P<0.05) from the other dietary levels 
of phenylalanine inclusion. The FCR (Y) to dietary levels of phenylalanine (X) 
relationship was best described by a second-order polynomial curve (Fig. 2). 
The relationship being; 
Y = 4.997X^ - 14.4364X + 13.092 (r = 0.953) 
Based on the above equation, the best estimated FCR occurred at a 
dietary phenylalanine level of approximately 1.41% of diet (Fig. 2). 
Carcass composition of fish fed diets containing graded levels of dietary 
phenylalanine varied significantly (Table 3). Minimum carcass moisture was 
recorded in fish fed diet containing 1.15% dietary phenylalanine. Carcass 
protein was found to be significantly (P<0.05) higher at the above dietary 
phenylalanine level. Minimum value of carcass fat was evident at this level. 
However, carcass ash was found to be insignificantly different (P>0.05) in all 
the treatments. Carcass protein deposition was also found to be significantly 
higher at the requirement level (Fig. 3). 
DISCUSSION 
The utilization of amino acids depends, in general, upon the levels of their 
intake and balance in diet. Growth of fish is the result of intake and balance of 
all the ten essential amino acids contained in the dietary protein component 
(Halver et al., 1957,1959). Phenylalanine influences fish growth considerably. 
Phenylalanine is one of the essential amino acids. It is a precursor of tyrosine, 
which intum is a precursor of epinephrine and norepinephrine. Tyrosine is also 
a precursor of thyroid hormone triiodothyronine and thyroxine (Borlongan, 
1992). The results of the present study indicates that in Labeo rohita fry, 
maximum growth occurred at 1.15% of the dietary phenylalanine level (Table 
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2). The food conversion ratio (2.53), specific growth rate (1.63%) and protein 
efficiency ratio (0.97) obtained also point out to the most efficient utilization of 
feed at this level of dietaiy phenylalanine. However, quadiatic regression 
analysis of live-weight gain data indicates that 1.38% dietaiy phenylalanine 
level is the optimum requirement of this species, corresponding to 3.45% of 
dietary protein with 1.00% tyrosine fixed in all the diets (Fig.l). The higher 
amounts of dietaiy phenylalanine resulted in reduced growth. During tlie 
present study, fish fed phenylalanine deficient diets resulted in reduced giowth. 
The reduction in growth of L. rohita fed high levels of phenylalanine with 1% 
tyrosine fixed could be attributed to amino acid toxicity (Choo et al., 1991). 
Probably excessive dietary levels of phenylalanine led to an accumulation and 
oxidation of phenylalanine to ketones and other toxic metabolites, hence 
adversely affecting growth (Borlongan, 1992). It has also been reported that 
excessive levels of amino acids may become toxic and have adverse effects on 
growth because the disproportionate intake affects the deposition and 
utilization of other amino acids. 
The requirement of L. rohita for phenylalanine is found to be very close 
to the values reported earlier for a number of warmwater cultivable fish 
species. The optimum total aromatic amino acid (Phenylalanine +Tyrosine) 
requirement estimated to be 5.95% of dietary protein is lower than the 
requirement reported for catla 6.20% (Ravi and Devaraj, 1991) and common 
carp 6.50% (Nose, 1979), and higher than the requirement reported for 
Japanese eel 5.80% (NRC, 1993), Nile tilapia 5.54% (Santiago and Lovell, 
1988), rainbow trout 4.30% (Kim, 1993) and 5.20% (Ogino, 1980), chinook 
salmon 5.13% (Chance et al., 1964), mossambique tilapia 2.50% (Jaimcey et 
al., 1983), channel catfish 5.00% (Robinson et al., 1980). Thus comparison of 
the phenylalanine requirement of L. rohita with that of different species 
revealed considerable variations, strengthening the fact that dietary essential 
amino acid requirements in fish species are species specific. The vide variation 
observed in the requirement level for phenylalanine among different fish 
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species may be due to the differences in size, age, laboratory conditions 
including feeding regime, feed allowance, water temperature, flow rate, 
stocking density and also due to use of various ingredients for basal diets such 
as casein, gelatin, zein, gluten, fish meal, soyabeanmeal and crystalline amino 
acid in varying combinations as protein sources (Tacon and Cowey, 1985; Chiu 
et al., 1988). The requirement also varies with the varied dietary habits and 
digestive anatomy of the fishes. Digestibility and amino acid profile may also 
alter the dietary amino acid requirement values (Simmons et al., 1999; De Silva 
et al., 2000). In diets with low phenylalanine levels, except for poor growtli and 
feed efficiency, no pathological symptoms were observed in L. rohita. 
Optimum phenylalanine requirement of L. rohita was found to be 1.38% 
of the dry diet, corresponding to 3.45% of the dietary protein. The data 
generated in the present study on the quantitative dietary phenylalanine 
requirement of L. rohita would be useful in developing phenylalanine balanced 
practical diets for the intensive culture of this species. 
SUMMARY 
Dietary phenylalanine requirement of Indian major carp, Labeo rohita fry (2.5+ 
0.04 cm; 0.40± 0.02g.) was determined by feeding six isonitrogenous (40% 
CP) and isocaloric (4.28 kcal/100g'\ GE) experimental diets containing casein, 
gelatin and L-crystalline amino acids with graded levels of phenylalanine (0.65, 
0.90, 1.15, 1.40, 1.65 and 1.90% of the dry diet) for six weeks m tiiplicate 
groups. Live weight gain (98%) and feed conversion ratio (2.53) were 
significantly (p<0.05) higher in fish fed diet containing 1.15%) of the dietary 
phenylalanine. Second-degree polynomial regression analysis of the live 
weight gain and FCR data indicated the dietary phenylalanine requirement to 
be at 1.38 and 1.41%) of the dry diet, respectively, corresponding to 3.45 and 
20 
3.50% of the dietary protein. Maximum carcass protein, minimmn moisture 
and fat were recorded at the requirement level except carcass ash which 
remained constant throughout the treatments. The average water temperature, 
dissolved oxygen, free carbon dioxide, pH, total alkalinity over the six weeks 
feeding trial, based on the daily measurements, were also recorded. No 
mortality was observed during the entire length of the feeding tiial. 
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Fig. 1. Second-degree polynomial relationship of live weight gain to 
dietaiy phenylalanine levels 
Fig. 1. DIETARY PHENYLALANINE LEVEL (% dry diet) 
Fig. 2. Second-degree polynomial relationship of food conversion ratio to 
dietary phenylalanine levels 
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Fig. 3. Relationship between protein deposition and dietary phenylalanine 
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CHAPTER 2 
CHAPTER 2 
DIETARY VALINE REQUIREMENT OF FRY INDIAN MAJOR CARP, 
LABEO ROHITA (HAMILTON) 
INTRODUCTION 
In most aquaculture operations, the cost of feed accounts for one half of the 
production of fish. Small savings in the cost of feed can make aquaculture 
enterprises profitable. However, the costs of feed cannot be compromised with 
decreased amounts of essential nutrients or unbalanced composition of 
nutrients. The requirements for optimum growth, survival and health of animals 
set the limits of economic diet formulation. Good nutrition is essential to 
produce an economical, healthy and high quality product. In fish culture, 
nutrition is critical because feed represents almost 50% of the production costs. 
Fish nutrition has advanced dramatically in recent years with the development 
of new, balanced commercial diets that promote optimal fish growth and 
health. Fish require three macronutrients, proteins, fats and carbohydrates along 
with many micronutrients. Some nutrients are called indispensable because 
they cannot be synthesized in the body and their incorporation in dietary 
formulations from outside is of utmost importance. 
Protein is the main constituent of the fish body, thus sufficient dietary 
supply is needed for rapid giowth. When the proteins are digested, they are 
split by the digestive enzymes into their basic units of amino acids. The amino 
acids are absorbed through the intestinal wall into the blood and synthesized by 
the body to build new proteins and form new tissue for growth and repair. As 
protein is more expensive than carbohydrate and fat, the amount of protein in 
the diet should be just enough for growth and tissue repair. Protein quahty is 
influenced primarily by amino acid composition. If one of the essential amino 
acids is not available or limited from the food source, then the body protein 
construction comes to a halt. It is necessary to know about the specific amino 
acid requirements of the fish species. Hence, the present investigation was 
undertaken to determine the dietary valine requirement of fry L. rohita. 
MATERIALS AND METHODS 
Experimental diet 
Six isonitrogenous (40 % CP) and isocaloric (4.28 kcal g"', GE) diets with 
graded levels of valine were formulated using casein (fat-free), gelatin and L-
crystalline amino acid premix (Table 1). The dietary protein level was fixed at 
40% CP, reported optimum for growth of L. rohita (Khan, 1991). L-crystalline 
amino acids were used to simulate the amino acid profile of the diets to that of 
40% whole chicken egg protein, excluding the test amino acid valine. The 
levels of valine were in increment of 0.25g /lOO g dry diet. A casein-gelatin 
ratio, contributing minimum quantity of the valine and maximum quantities of 
other amino acids was maintained. The quantity of valine was increased at the 
expense of glycine so as to make the diets isonitrogenous. oc-Cellulose was 
used to make the diets isoenergetic. The levels of valine in the amino acid test 
diets were fixed on the basis of information available on the other Indian major 
carps, Catla catla (Ravi and Devaraj, 1991) and L. rohita (Murthy and 
Varghese, 1998). 
Method for preparation of experimental diets has been described under 
General Methodology section (page 7-8). Proximate composition of the carcass 
and experimental diets was estimated according to standard methods 
(page 8-11). 
Feeding Trial 
Source of fish, their acclimation, and details of general experimental design 
have been given elsewhere (page 7-8). 
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L rohita fiy (3.0± 0.02 cm.; 0.06± 0.03g.)) were stocked in triplicate 
groups in 70 L circular polyvinyl troughs (water volume 55 L) fitted with a 
continuous water flow through (1-1.5L / min) system at the rate of 20 fish per 
trough for each dietary tieatment level. Fish were fed test diets in the fonn of 
moist cake at a rate of 5% of body weight, twice daily at 0700 and 1730 h. No 
feed was offered to the fish on the day the measurement was taken. Initial and 
weekly weights were recorded on a top loading balance (Precisa. 120A) and 
feed allowances adjusted accordingly. The feeding trial lasted for six weeks. 
Fecal matter and unconsumed feed, if any, were siphoned before feeding. 
Water temperature, dissolved oxygen, free carbon dioxide, pH, total alkalinity 
during the feeding trial were recorded following the standard methods (APHA, 
1992). The average water temperature, dissolved oxygen, fi"ee carbon dioxide, 
pH, total alkalinity over the six weeks feeding trial, based on daily 
measurements, were 26.0 -27.5 *^ C, 6.7-7.6 ppm, 5-10 mg/1, 7.1-7.8 and 65-
80mg/l, respectively. 
Chemical analysis 
Proximate composition of casein, gelatin, experimental diets, initial, final 
carcass and gross energy was estimated using standard AOAC (1995) methods. 
Before the commencement of the feeding trial, desired number of fish were 
randomly sacrificed and pooled sample in triplicate were taken for the 
determination of initial carcass composition. At the end of the feeding trial, 
fish from each dietary treatment were randomly taken out and analyzed for 
their final carcass composition and gross energy. 
Statistical analysis 
Comparisons among different treatment means were made by one-way analysis 
of variance (ANOVA). Duncan's Multiple Range Test (Duncan 1955) was 
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employed to test the homogeneity of variance within the treatment means. 
Second-degree polynomial regression analysis was also employed. 
RESULTS 
Over the 6-weeks growth trial, significant differences were observed in live 
weight gain per cent of fry L. rohita fed diets containing different levels of 
dietary valine (Table 2). Fish receiving 1.5% dietary valine reflected a 
maximum gain in weight (158%) while those fed diets with lower valine levels 
showed reduced weight gain and efficiency of feed utilization. However, fish 
fed higher level of valine could not provide additional growth. The highest 
specific growth rate per cent (2.25%), protein efficiency ratio (1.46), and best 
feed conversion ratio (1.70) were also observed in fish fed diet containing 1.50 
% valine (Diet IV). No mortality was observed in fish fed all the experimental 
diets. On subjecting the growth data to quadratic regression analysis (Zeitoun et 
al., 1976), a break point was evident at 1.63% dietary valine, corresponding to 
4.0%of dietary protein (Fig. 1). 
The feed conversion ratio (FCR) in L. rohita fry fed 1.50 % valine diet 
differed significantly (P<0.05) from the other dietary levels of valine inclusion. 
The FCR (Y) to dietary levels of valine (X) relationship was best described by 
a second-order polynomial curve (Fig. 2). The relationship being; 
Y = 2.78IX^ - 6.7215X + 5.562 (r = 0.94) 
Based on the above equation, the best estimated FCR occurred at a 
dietary valine level of approximately 1.63 % of diet (Fig. 2). 
Carcass composition (Table 3) of fry Indian major carp, L rohita fed 
different levels of dietary valine varied significantly (P<0.05) except carcass 
ash which remained insignificantly different among the treatments. 
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Significantly (p<0.05) lower moisture was recorded in fish receiving diet 
containing 1.50% dietaiy valine. However, carcass moistuie differed 
insignificantly (p>0.05) in the remaining dietaiy levels. Protein content of fish 
fed diet containing 1.50% valme was significantly (P<0.05) higher as compaied 
to the other dietary levels. Protein deposition value was also found to be 
significantly higher at the requirement level because of the more efficient 
utilization of the indispensable ammo acids at this level as compared to other 
dietary tieatments (Fig. 3). 
DISCUSSION 
Valine is involved in many metabolic pathways such as protein synthesis and is 
considered indispensable for optimal fish growth. The maximum average 
weight gain occurred in fish fed diet containing 1.50% valine. However, on 
subjecting the growth data to second-degree polynomial regression analysis, a 
break-point was found at 1.63% of the dry diet, coiresponding to 4. 0 % of the 
dietary protein. This value seems to be higher than the requirement reported for 
Chinook salmon, 3.20% (Chance et al., 1964), rainbow trout, 3.10% (Ogino, 
1980), channel catfish, 2.96% (Wilson et al., 1980), mossambique tilapia, 
2.20% (Jauncey et al., 1983), lake trout, 2.23% (Hughes et al., 1983), Nile 
tilapia, 2.80% (Santiago and Lovell 1988), coho salmon, 2.20 % (Arai and 
Ogata, 1993), chum salmon, 3.00% (Akiyama and Arai, 1993), white sturgean, 
3.30% (Ng and Hung, 1995), red sea bream, 2.50% and Japanese flounder, 
2.50% (Forster and Ogata, 1998), turbot, 2.90% and gilthead sea bream, 3.00%, 
(Kaushik, 1998), catla, 3.60% (Ravi and Devaraj, 1991), common carp, 3.60% 
(Nose, 1979), milkfish, 3.60% (Borlongan and Coloso, 1993) and very close to 
the requirement reported for Atlantic salmon, 3.90% (RoUin, 1999), and 
sunilai- to the requu-ement reported for Japanese eel, 4.0% (Nose, 1979). The 
study also indicates that the general pattern of amino acid requirement is 
species specific. Part of the overall variation can be attributed to differences in 
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species, experimental conditions, basal diets and supplemental sources of 
essential amino acids and parameters measured, as well as to mainly 
differences in techniques used to calculate the requirement. 
In the present study, excess amount of valine caused depressive effect 
such as reduction in growth and feed efficiency. Similar observation was also 
reported for the other Indian major carp, catia (Ravi and Devaiaj, 1991). 
Dietaiy amino acid requirements is reported to be influenced by feeding levels 
adopted (Chiu et al, 1988). Digestibility, amino acids profile and energy 
content bring about variable effects in amino acid requirement smdies 
(Simmons et al., 1999 and De Silva et., al 2000). Excessive intake of one 
amino acid results in poor growth because disproportionate amount of one 
amino acid affect the utilization of the other amino acids (Coloso et al., 1999). 
It may also be due to stiess caused by excess amount of amino acid in the body 
of the fish leading to extra energy expenditure towards deamination and 
excretion of the same (Walton, 1985). 
Dietary valine requirement of fiy L. rohita was found to be 1.63% of the 
dry diet, corresponding to 4.0% of dietary protein. Data generated during the 
present study would be useful in developing valine balanced practical diets for 
the mass production of this fish 
SUMMARY 
Dietary valine requirement of Indian major carp, Laheo rohita fry (3.0± 
0.02 cm; 0.06± O.OSg.) was determined by feeding six isonitrogenous (40%CP) 
and isocaloric (4.28 kcal/lOOg-1, GE) amino acid test diets containing casein, 
gelatin and L-crystalline amino acids with graded levels of valine (0.75, 1.00, 
1.25, 1.50, 1.75 and 2.00% dry diet) for six weeks in triplicate groups. Live 
weight gain (158.52%)) and feed conversion ratio (2.50) were significantly (p< 
0.05) higher in fish fed diet containing 1.50% of the dietary valine. Second-
degree polynomial regression analysis of the live weight gain data indicated the 
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dietary valine requirement to be at 1.63% of the dry diet, corresponding to 
4.0% of the dietary protein. Maximum carcass protein, minimum moistuie and 
fat were recorded at the requirement level except carcass ash which remained 
constant throughout the tieatments. The average water temperature, dissolved 
oxygen, free carbon dioxide, pH, total alkalinity over the six weeks feeding 
tiial, based on the daily measurements, were also recorded. No mortality was 
observed during the entire length of the feeding tiial. 
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Fig. 1. Second-degree polynomial relationship of live weight gain to 
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